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Abstract 
 
Conducting polymers functionalized with groups, which enhance specific physical and/or 
chemical properties are promising candidates for sensor, electrochromic, redox catalytic 
and energy conversion applications. In this respect, polyaniline substituted with redox or 
molecular recognizing groups represent very attractive combination for developing new 
materials. The sensors made from polyaniline have many improved characteristics like 
room temperature operation, shorter response time, ease of synthesis etc. when compared 
to metal oxide based sensors that operate at high temperature. Hence in the present 
investigation, the emeraldine salt form of polyaniline was incorporated with tetra 
sulfonated metal phthalocyanines in the form of dopant ion. The functional molecules 
namely iron, nickel and copper tetra sulfonated phthalocyanines were used to incorporate 
into polyaniline matrix by chemical and electrochemical methods. Initialy, polyaniline 
was modified with un-substituted iron and cobalt phthalocyanines which ended up with 
polyaniline-phthalocyanine composite with decrease in electrical conductivity. Hence, it 
was decided to use water soluble tetra sulfonated metal phthalocyanines as dopant during 
the synthesis of polyaniline. 
The catalytic effect of phthalocyanine was observed as an increase in polyaniline 
conversion during synthesis with various metal phthalocyanines. The efficacy of 
incorporation and the structure of functionalized polyaniline was elucidated by various 
physico-chemical techniques. The effect of phthalocyanine incorporation in PANI was 
seen as a shift in the frequency of benzeniod structure towards lower wave number region. 
In WAXD studies, notable changes in the crystallinity of PANI has been observed due to 
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the addition of macrocyclic phthalocyanine moiety into polymer matrix. In the electronic 
spectra, the π - π∗ and polaron to bipolaron transitions in PANI showed red shift due to 
the extension of conjugation with the highly conjugated phthalocyanine moiety. GFASS 
analysis revealed the proportionate increase in metal ion concentration as consistent with 
the concentration of sulfonated phthalocyanine used. 
The electrical conductivity of Polyaniline modified with un-substituted phthalocyanine 
doesn’t show any increase in conductivity instead a steady fall in conductivity was noted 
due to the formation of two phases namely, insulating phthalocyanine and conducting 
PANI. In the case of tetra sulfonated phthalocyanine incorporated PANI an increase in 
conductivity was observed with increase in phthalocyanine concentration and this is 
could be due to the strong interaction between the Pc and PANI providing better pathway 
for the transport of charges along and in between the polyaniline matrix. This is further 
confirmed from the IR and WAXD studies. The thermal stability of synthesized samples 
were analyzed by TGA. The added phthalocyanine has significant effect on the thermal 
stability of PANI by linking sulfonated phthalocyanine and PANI chains together to give 
better thermal stability. TSPc-PANI samples synthesized under electrochemical route 
showed clearly defined nano-fibrils where as PANI synthesized using HCl dopant doesn’t 
show the fibrillar morphology. Similarly TSPc-PANI samples prepared through chemical 
route were particulate in nature. The redox behaviour of electrochemically synthesized Pc 
containing PANI films were studied by cyclic voltammetric technique.  
The potentiality of the Pc functionalized PANI samples were tested to explore its final 
utility towards sensing of 100 ppm NO2 gas. When the samples were exposed to NO2 gas 
a decrease in resistance was observed with FePc and CoPc loaded PANI, which appear to 
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be a common process. On the other hand, an increase in resistance was observed with 
sulfonated Pc incorporated PANI samples. Hence, a different mechanism of NO2 gas 
sensing has been suggested for the substituted phthalocyanine incorporated as dopants in 
PANI. The sulfonated Pc-PANI samples showed higher sensitivity factor and speed of 
response than FePc and CoPc incorporated PANI samples. Among the sensors made from 
chemically synthesized sulfonated phthalocyanine-PANI samples, 1 mol % TSCuPc 
incorporated PANI showed maximum sensitivity factor (R/Ro) of 30.9 with a response 
speed of 62 sec. In the case of sensors fabricated by electrochemical method, the response 
is very rapid and at the same time recovery is also fast when compared to the sensor 
made from chemical method. In all electrochemically functionalized PANI samples, the 
maximum sensitivity was reached at an optimum concentration of 0.5 mol % of TSPc in 
PANI. A high sensitivity factor of 335 was achieved by 0.5 mol % TSCuPc-PANI with 
rapid response time of 29 sec. 
Therefore, among the sulfonated metal phthalocyanine incorporated PANI, the 
TSCuPc-PANI appear to be superior as a chemical sensor materials operating at room 
temperature. Additionally, the morphology also plays an important role since nano 
fibrous morphology is seen in the electrochemically deposited films, which give better 
response than the chemically synthesized polymers. These studies have clearly brought 
out the importance of functionalization of conducting polymers for specific application 
such as a chemical sensor. Thus, these sensors can lead to the development of artificial 
electronic nose, which can sniff out toxic gases and send alarms. 
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